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T. Introduction

Administrators and teachéfg are constantiy faced with
the task of making important, often‘i;reversible, decisions under
conditions of uncertainty and incompléfalknowledge. There is an
increasing trend in these situations towégﬁxghe use of rational,
quantifiable, highly visible, decision-making\§f0cesses. Systems

analysis is

ceesthe comparison of alternative means of carryling out
some functfon, when trose means are rather complicated
and comprise a number of interrelated elements. Such
analysis could often be called "economic analysis',

sinc: the aim is to find the best use of one's resources
but the word "systems" is useful in calling attention

to the romplex nature of the alternatives being comparedes

(25)

Systems analysis thus provides a framework for decision-making and
jts power is that it forces the analyst to make explicit those

elements of the situation he is taking into consideration.

The single most important requirement for a sysiems analysis
of any system is that there exist a2 meaningful, unambiguous, and
quantitative méasure of the system output. In large scale educational

systems the output may be specified in units of stadents.graduated,
standardized test scores, ilncrease in 1ifetime income, or student

credit hours completed. The majcr problem in evaluating educztional
systems-ié the vagueness of specification of objectives and goals
designed to reflect their outpute. In addition to more or less specific
skills (language. skills, mathematics, sciénce, etce.) there are subjective
statements of cultural'values, patriotism, aesthetic appreciation, and

so one Despite this difficulty it is important that those aspects of

administrative and instructional plannihg decisions that are amenable
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to a quantitative approach be explored and appropriate systems

analysis techniques developed.

4

It is the function pf this paper to examine critically
existing applications of cost effectiveness analysis in education,
particularly the study of instructional effectiveness in the
community éollege. Various schemes for measuring costs of instruction
will be examined and the difficulties inherent in this task will be
outlined, Measures of effectiveness of instruction will be
explored with particular attention to measures appropriate for
a quantitative analysise. Criteria for a nseful measure of
effectiveness will be specificd and several possibilities examinede.
Finally, these couicepts will be applied to a variety of real instructe
fonzi situations, including a comparisen of the cost-effectiveness
of the several methods of teaching remedial mathematics. employed at

Santa Barbara City College between September 1961 and September 1971,

112 Cost Effectiveness Analysis in Education

A. Overview

Cost effectiveness implies that we identify costs and

attendant benefits in éome educational system, and that ﬁe use a
combination of the two to evaluaﬁe the systems The analysis will
be used in making decisions concerning fesourcé allocation and the
selection of élternative strategies in the operation of the system,(17)
‘While most teachers are williﬁg? though not eager, to talk about

instructional effectiveness, they are quite unwilling fo consider
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costse Cost is indelicate, even crass, word in the hallowed ivy halls,
Nevertheless, we operate éoday in a climate of scarcity of resouces:
time, equipment, 'money, personnel. We do not now have and are unlikely
to get unlimited resources. Education and individual instxuctional
programs are competing with alternative programs for the same limited

‘resources.,.

The phrases "“"Cost-Effectiveness Analysis'" and "Cost«Benafit
Analysis" are often taken as syunonymous. They are not. Alkin (3)
and cthers (16, 21, 47, 48) have pointed out that one of the main
requirements ¢f cost-=benefit (CB) analysis is that both input and
output measures be specified in the same units, namely dollars.

CB analysis is an economic tool used in the examination of both
public and private sectors of the economy: govermment. defense, . -
-business, education. Its chief use is in the examination ¢f historical
data in an effort to provide prescriptive decision statements.(47)
Typically CB analysis is the second stage of a systems analysis and

is most often performed at the level of large scale eéucatiénal |
systemss: state, nationai, district, or total college level, Bowles
étudy of educational planning on the national level (5), Levin's
analysis of public education systems (30), Abt?s comnsiderations of

the voucher system (1,2) and the Hirsch and Marcus study of Junior
College education (21), are all 1afge;sca1e CB studiess - Many such
studies seek to determine the social gains, income, and other economic
benefits resulting from formal education. Planning Proéram Budgeting

Systems (PPBS) represents cost-benefit analysis on a big scale, a
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kind of fiscal systems analysis. (6,33)

In contrast, cost-effectiveness (CE) analysis may be made
at all levels, and are less concerned with large-scale economic
consequences of educational stituctures as with the evaluation of
system performance with respect to established objectives and in the

"1ight of cost factors, GCE is primarily a tool for comparison of the

outcomes of alternative educational decisionse.

A m~jor requirement for the successful use of cost-effectiveness
analysis is that either the cost or the effectiveness variables be
limited. According to the common mathematical principles underlying
maximization, both factors may not vary simultaneously. One must be
held constant while the other is varied if we are to locate optimal
valuese We may specify the level of instructionzl efficiency in
terms of achievemenat of specified objectives and examine the cost of
alternati&e means to reach that level or we may specify an instructional

udget and compare the effectiwveness of alternative instructional
strategies. (3,24) The equal cost alternative study of Carpentef

and Haggard (13) is a classic example of the latrer option. Tﬁe most
.serioﬁs error made by educational planners applying these systems
analysis tools is the attempt to locate optimal alternatives by
allcwing both cost and effectiveness to wvary simultaneously. Cost=
Effectiveness means that we looic at both system performance and system

cost when one of these are fixed. (25)

- The typical sequence of actions in a CE analysis 1is:

1) Define‘objectives

/.
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2) Find a quantifiable output measure for each objective

3) Set up a cost accounting for the system, hopefully for each
objective

4) Construct altgrnatives. (In a CE analysis of instruction we might
look at large vs small classes, traditional versus non-traditional
use of teachers, programmed instruction, tutors, educational
teievision, Computer Assisted Instruction, Audio-Tutorial systems,
etc.)

5) Test each alternative, either under conditions éf fixed cost or
fixed objectives

6) Compare relative effectiveness of each alternative (output)

with cost (input)

A typical danger in 4) is to assume that a major purpose  1s to produce

tschooling."

Cost-Effecgiveness measures of instrucfional programs usualliy
ignoré student inputs, those inputs they bring into the program from
outside (3) - skills, values, irtelligence, personality traits, family
Badkground, etc. The true effectiveness of instructional syster.s is
glven by measures of change in student échievement of objectivese.
Typically this change is measured by course outcomes, test outcomes,

- grades, &tce. but should 1deally include attitude changes, vaiue
changes, impact on the commuﬂity, the teacher, and the school., Long-
term effectiveness is often implied in system objectives but seldom

. measured, .There are very few CE studies of specific ins¥tructional

programs, classroom level programs where the alternatives are ways

-5-
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of instructing, changes in the obviously manipulable variables of
class size, instructional materials and media, course organization

or sequence, use of paraprofessional help, and so on.

B. Cost Measures

Almost every schopl budget has a category labeled instruction,
but the numbers it contains do not represent the cost of instructione.
Costs of administrative support, library and AV staff, clerks and
secretarial help, maintenance, classfoom construction, teacher
fringe benefits and many other real costs are not included. Valid
cost data is not easily obtained. The costs needed are usually
combined with other costs, short and long term costs are not spelled

out, capital and operating costs may be combined or hidden.

Further, although the usual measure of cost is money, many
other ccsts are expressed in terms of information, timz, human effort,
or lost opportunity, and these may be more imﬁortant than tﬂe dollar
cost differences in alternatives. Johnson and Dietrich (23) list the
following cost problems in CE analysiss

1) Costs are seldom linear. Some costs are fixed, others are

proporticnal to the number of students enrolled, and still others
have a more complex relationship to enrollmente.

‘2) Cost records are inadequate. Records may not include sufficient

detail or may not include historical datae.

3) Not all costs appear in dollar accounts. Opportunity costs do not

appear. The time of students is considered a free resource.
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Alternative uses of classrooms or other resources are not considered.

4) Teacher load data is not reliable. Many uses of teacher time do

not appear on formal recordse.

Despite these prcblems, the determination of costs for instructional

programs is far simpler than the determination of effectiveness.

C. Effectiveness Measures

It is no surprise, given the diversity, complexity, and
subtlety of educational endeavors, that effectiveness is difficult
to measure with validity and reliability. Because education is an
open system, effectiveness (achievement of objectives) is a more
valid measure of its optimal functioning than efficiency (relative
effort required to achieve objectives). (30) However, typical
educational programs are designed in terms of courses, semesters,
quarters, fixed time intervals, group zchievement rates, and other
artificial devices that reward efficiency rather than effectiveness,
This unfortunate fact makes CE analysis and effectiveness measurement

very difficult.

There 1is a neéd, for CE, to specify objectives concretely,
to "think through prégrams and their alternatives in output terms.”
(33) PPBS is simply a way of assuring that educational planners
focus on measurable objectives. (13,18) The usefulness of
effecti§eness measures s, at best proportional to the specificity

of the objectives of the system.

Satisfactory measures of effectiveness listed by Miller and
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Rath (42) include:

1) Measures of Population Saturation Pre-test/Post-test gains in
atility to perform a given objective may be measured for a
population., If 10% of the students in a course have a certain
level of achievement on the first day of the course, and 80%
have reached that level on the last day, we may use these
figures to measure effectiveness in terms of the relative
increase in.populatioh saturation,

2) Measures of Achievement Standardized tests may be used to compare

individual or group achievement with that of a normative population.
If no pretest is used, achievement scores ignore student input to
the situation., Achievement tests are best used as before and

after measures. Most useful are measures of attainment of

specific objectives or sets of objectives. These may include

both affective and cognitive measures.

3) Measures of Social Benefits The social benefits of educational

programs may be estimated or inferred from real-life situations or

by the use of appropriate projective tests.

In addition we may consider long term versus short term

retention of -effectiveness under differing instructional strategies. €49)

D Use of Cost-Effectiveness Indices The purpose of a CE

analysis is usually to effect the most effective allocation of resourcec.
Shubik (45) lists eight ways in which goods and services are usually
allocated in our séciety:.

1) Open markéﬁ competition with a price system

2) thing

- -
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3) Bidding

4) Bargaining

5) Allocation by higher authority or fiat
6) Allocation by fraud or deceit

7) Allocation by custom oY tradition

8) Allocation by chance

Educational systems use 7) almost exclusively and 8) very of;en.

Random allocation is a major means of distribution of diseconomies,

In almost all sf these allocation procedures, the effects of persuasiom
‘and other political activities are an important factor. CE analysis
provides a basis around which to base political discussions.(44)

There is a neeg to wed objective decision-making inputs more effect-
ively to .the pélitical realities of the institution in which the

decisions are madee.

Traditioﬁally, cost-effectiveness analysis may be summarized
in terms of a single ratio or indexe. Miller and Rath (42) define the
N

E Ind CE ti
C ndex or ratio as e =Z P(T) UCT)

I=1 c(I)

where P(I)-is the probability of occurence of the Ith outcome, Uv(1)
is the utility of the Ith outcome, C(I) is the cost of that outcome,

and N is the number of outcomes considered.

The purpose of the CE analysis is not, however, to arrive at
a CE index number, but to acquire the ability to rank alternatives in

order to obtain a basis for choosing among them. The purpose is

o




formative rather than summative evaluation, in Scriven's terminolcgye. (51)
Cost-effectiveness analysis is an orderly method of helping decision
makers to identify a preferred course of action from s set of altermatives.
The purpoées ares
1? to discover new alternatives
2) to improve on the existing obvious altermatives (44)
3) to make more visible non-quantifiable considerations
4) to provide a means of considering incremental costs (how should

an additional or reduced amount of money be spent?)
5) to provide a rational alternative to the use of pure intuition,

expert opinion, or committee decision in chosing instructional

strategiess

Of necessity, any cost—effectiveness analysis is incomplete
because of intangibles that cannot be included, limitations imposed
by lack of time, money, ijnformation, or uncontrollable changes in the
system itself. Because of this_it is especially important that modern
operations research techniques - mathematical programming, Leontief 1/0
analysis, Markov process models, linear programming, Monte Carlo
Simulation, Net-Shift Analysis, and other powerful tools = be used

with the cost-effectiveness study to extend its usefulness.

1IT. Cost Effectiveness of Various Methods of Instructiont Applicatisnus

The purpose of this portion of the study is to
1) examine and compare several measures of effectiveness of instruction

. for several courses, and to compare conventional measures based on

~10-
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grades with measures based on behavioral objectives.

2) determine the relative effectiveness of various methods of
instruction in a junior college course in remedial arithmetice.
In particular it will compare a system of individualized instruction
 using programmed materials and peer tuftors with small traditional

classes, large classes and independent studye.
3) calculate cost-effectiveness ratios for these methods of Instruction

'4) compare four methods of individualized instruction using a

programmed text and varying numbers of peer tutors.

5) Examine some of the hidden costs that are important in such a

cost-effectiveness study, but which are usually ignored.

6) Consider further possibilities fdr.research into the cost-effectiveness

of classroom instructional methods.

A. Remedial Mathematics
| A distinguishing feature of the community college i; its.open

door admission policy and thé necessity of offering remedial or
developmental courses in order to.assure that marginal students have
a rasonable chance of successe. Basic arithmetic represents a major
portién.of the teaching responsibility of most junior'college mathematics
departments. The level of success in these courses is depressinglyllow
(10);.1ess than 70% in most casese At Santa Barbara City College where

the present study was conducted, Math 1, remedial arithmetic serxves a
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number of functions:

1) 1It enables students scoring low on the SCAT pretest to meet the
math entrance requirements in a variety of courses: elementary
Algebra, physics and other physical science courses, iife‘science
courses, statistics, economics, psychology, pre-nursing, vocational-

technical courses, business, and so omne.
'2) It fulfills the mathematics requirement for the A, A. degree,.

3) It enables students, who elect to do so, to review their arithmetic

skills,

The course content is basically the aritlmetic of whole numbers,

decimals, fractions, and percentage.(10)

Students enrolling exhibit a wide range of age, educational,
social, énd economic-badkground, occupational and personal interests,.
(11) The assumptions we traditionally make about college students are
not valid for this groupe(38)

1) They are not motivated to participate in ;raditional academic

activities, to succeed academically or to try again after failing.

"2) They are grossly deficient in the conceptual and intellectual skills

needed for successful academic work in traditional settingse

- 3) AThey lack the attitudes and values needed for success in traditional

academic situations,

4) Their out-of-class enviromment cannot be depended upon to reinforce

and extend any learning stimulated in the classroom.

<
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5) The range of interests and abilities is extremely large.

Traditional methods of instruction have become associated
with failure for these students, Many dewvelop an expectation of
failure and exhibit a pattern of repeated failure. (11) The same
failure-oriented student is to be found in developmental English,
Introductory Psychology, Introductory Political Science, and similar
courses. Instructors usuzily identify them as not profiting from
instruction, Theixr chief qharacteristic to the admissions officer or
oi-her administrator is their high dropout ratee Because their every
encounter with education is colored with the expectation and the
humiliation of failure, no amount of juggling of AV equipment or
other hardware and no level of lecturer eloquence will entirely
‘offset the pattern of failure., For this reason, remedial mathematics
at Santa Barbara City College (10) is taught on an individualized
basis using peer tutors and geared toward the achievement of clearly
identified behavioral objectives; The system is oper with respect to
course, semester and cther time requirements, All work iswachievement-
oriented; F and D grades are not used, students continue to work with
their tutors until they have achieved a satisfactory level of completion

of the course objectives,

Remedial mathematics at Santa Barbara City College has, by
both aﬁcidenf and design, undergone a series of changes in the past
ten yearse. ‘Forésighted.planners_in the Mathematics Division and
the~édministratioﬁ have allowed the.coursevto becomé essentially.a

a research tool for dévelopmentél math instruction. The following

 a13a
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phases may be identifieds

Phase 1 From Spring 1961 to Spring 1966 Math 1>was taught in the
conventional ménner using small classes, average size 26.
Unfortunately, grading in these lecture classes was not
based on specific performance objectives or standardized

testse

Phase 2 From Fall 1966 to Spring 1967 Math 1 was taught with the
traditional lecture approach and with programmed instruction
using classes of average size 42. Again, grading was not
based on specific performance objectives or standardized

tests, Students were required to attend classe.

‘Phase 3 From Fall 1967 to Spring 1969 Math 1 was taught using a
single large class (average 225 during the spring semester and
508 during the fall semester). Students were not required to
attend and used self-instructional programmed materials.

Grades were determined by a single final examination.

Phase 4 from Fall 1969 to the present Math 1 has been taught as
individualized instruction using programmed self-teaching
'materials and tutors. Grading is based on performance
objectives and standardized testinge. The instructor acts
" as manager of the instructicnal system, works with tutors,
develops materials, etce. rather tﬁan in lecture or other
' classroom situations. Attendance at tutoring session is

‘required.

Table 1 shows the grade distribution records for this course in

remedial math over the interval .from 1961-1971, Table 2 shows the

ERIC =~ : . 15



corresponding grade distribution for Math 7, Elementary Algebra, a
similar developmental course, and for the Mathematics Division as

a whole. Graph 1 shows the changes in P(S) and P(W), the probabilities
of succéss and withdrawal for Math 1, remedial arithmetic, during

the interval 1961 to 1971, P(S) is defined as

p(S) = Total number of A,B, and C grades
— “Total number of students receiving a grade

P(W) is defined as

PCW) = Tota?! number of withdrawn, W, grades
k Total number of students receiving a grade

Notice that in Phase 1, where small class sections were used,
Fhe drop probabilities are relatively low and success probabilities
are high. P(S) is approximateiy equal to the value for the Mathematics.
Division as a whole: P(S) = 0.72, approximatelys P(W) is also-
approximately equal to the value found for the Mathematics.
Division as a whole: P(W) = 0.25.

In Phase 2, where larger cléss sections were held, P(S)

values dropped both for remedial math and for the mathematics divisione

The success rate for elementary algebra, Math7, similarly dropped.

Withdrawal rates for both courses increased during this phase.
The changes in P(S) and P(W) for Math 1 cannot be entirely attributed
to instructional methodology changes because of the corresponding

changes in Math 7, antindependent course not undergoing obvious

' changes in procedurese.

In phase 3, where credit by examinatior and optional

attendance were adopted, success p10bab111t1es dropped still lower

" and withdrawal rates clrmbed. Div1sionaw1de values of these indices

remained_relatively stablee.

~15-
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Tn Phase 4 under individualized instruction and increased
resource expenditures, success rates climbed and withdrawal rates
decreased. Both withdrawal and success rates approached those for

Elementary Algebra, Math 7, and for the Mathematics Division as a

whole.
In summary:
Average P(S) Average P(W)
Math 1 Math 7 Math Div Math 1 Math 7 Math Div
Phase 1
(Sma%}a%gggure) .72 .35 .72 | .25 .20 025
Phase 2
(large classes, 45 36 «60 <46 40 36
lecturet PL)
. Phase 3 .
(very large «30 46 43 .60 35 40
classes, credit
by exam)
Phase & .55 65 .50 .48 .28 .38
' {(individualized :

inste, behavioral
objectives, PL,
tutors)

Becaﬁse neither cost nor effectiveness were fixed in

eatlj versions of?the course, any useful'§05t-effectiveness analysis
to decide among alternatives is not possiblees In Phase 4, however,
the instructional strategy has changed each semester while a -comstant
'effeétiveness level was maintained., That is, performance requirements
were held constant in terms of behavioral objectives and standardized
ﬁests. CoufSe changes involved modification of the tutor/ student
ratio and attendance reuirementse.

Fall 1969 1 tutor, #ttendanCe not required

_Spring 1970 &4 tutors, atteﬁdance not fequired

Fall 1970 7 tutors, attendance requiréd in math labs where

16
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the student/ tutor ratio was 15/1.,

Spring 1971 10 tutors, attendance required in math labs

where the student/tutor ratio was 6/1,

poth pre~ and post-testing of performance in terms of course
objectiveg Was carried out, A cost-effectiveness amalysis can thus
be made fu¥ the instructiomnal alternatives in Phase 4 but this phase

cannot be tcompared with the earlier phases of the course.

B, COSTS
511 costs were calculated on the basis of 1971 dollaré and
1971 salayy scales, Only diré;t instructional costs were included:
instructoy Salaries, paraprofessional salaries, costs of specialiéed
: eﬁuipment anoytized over its useful life expectancy. This procedure
_ ignores tpe cost of instructional facilities such as large  lecture
halls versus small classrooms, administrative costs, maintenance
costs, and %0 ome 1In célculating the cost per student only those
'studenﬁs vho received a grade for the course were counted, Students
dropping Aduring the first five weeks of the semesﬁgr were ignored
' for the purposes of the studye. More than 90% of these were "no-shows "
Table 3 gives these cogts for Math 1, remedial arithmetic,
and Math 75 elementary algebra.
| fhage 4 was désigned Specificaliy to treat studeat time as
a éost to be taken_into accounﬁ rather than as a free resources In
évery ingkTuctional system ~ne of the very large, but generally intang-
" ibleycosts- 4s the student iime spent, This cost is rarely included
iﬁ:instrﬁCtional cost analysis. In Phase 4 éf this study, students |

scheduled their own time, took required examinations ad 1lib, and

=17~
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completed the course as eariy as they wished, The cost savings

associated with this procedure could be determined by an analysis

of student judgements of utility.

During the fall 1969 and spring 1970 semesters a considerable

cost savings was effected by scheduling tutor sessions in unused rcoms
-_dﬁring the week before classes began after all other courses had

been assigned rooms., Normally, the:course would be scheduled into

specified rooms, thus effectively withholding these rooms from

alternative uses, a positive cost. By scheduling into unused roocms

a more effective all-college use was madé of available space. The

cost savings to the college was significant. 1f the course, initial

enrollment 650 by 1971, was rescheduled into small classes using

traditional instruction methods, the increase in cost for teacher

salaries and new classroom facilities required would exceed $40,000,

Cd EFFECTIVENESS

| .Measures cf effectiveness ﬁre difficult to assign in an‘open
course such as we have in Phase 4. Students may return tc complete
the course at any time and some iniﬁially enrolled in 1970 are now
.completing course requirements. The 1970 probability of success,
P(S). is still changinge. Thus a wiﬁhdfawn grade may mean that, in
€act, a student has completed 75% of the course objectives and needs
oniv to pass successfully the fourth of the four examinations to
receive a passing grade.

Most cost-effectiveness studies performed at the classroom
level examine only cost per student enrolled or per student §redit-
hour. Such studies are useful in costing instructional materials
(20,22,23,41,46) such as CompﬁterAAssiSted-iﬁstruqtibn (27) or

Educational Television(26,39,40). These cos;ingustudies are easy
ERIC - - ' -18-
e A -~
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to perform, do not really use a measure of effectiveness, and are not
cost-effectiveness analyses., They may be used to make trade-offs on the
use of some audic-visual materials rather than others, but cost=

effectiveness trade-offs cannot be made,

A variety of effectiveness measures have been calculated for
this study, Most are a form of the CE Index (42) defined on page 9 of
this paper.

1) Probability of Success, P(S) is the fraction of students

receiving A, B, or C grades. In terms of the CE Index, the

variable I may take on three values corresponding to the
grades A, B, and C. P(A) is the probability of receiving an A grade.
P(B) is the probability of w¥eceiving a B grade. P(C) is the probability
of receiving a C grade. We #ssume that UQ) = U(B) = U(C) = 1,- all
success grades have equal utility. Non-success grades have zero

utility,

2) The weighted probabili;y of success, gwggl is defined as.
'Bw(S) = 4 P(A) + 3 P(B) = 2 P(C). This effectiveness |
measure assignes a greater utility to P(A), U(A) = 4, than
to P(B), U(B) = 3, or to P(C), U(C) = 2. The weighting corresponds to
the usual weights used in calculating grade point averages, except
that grades bélow C are given zero utility, U(D) = U(F) = U(W) = Q
| Graph 3 shows PW(S)ichanges for Math 1, Math 7, and the

Mathematics division during the period 1961-1971.

3) The success G;PQA., P _(s)s is defined as

Pg(S) =4 P(A) + 3 P(B) + 2 P(C) - P(D) = P(F) - P(W).
This effectiveness measure assigns a negative utility to
non-success grades: U(A) = 4, U(B) = 3, U(C) = 2, U(D) = UF) = U(W) = =1,

-19+
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The success Ge.Pe.As is an attempt to<«take into account the
withdrawal rate as a measure of effectivenesse The difficulty 1s
that not all students receiving a W grade would assign it the same
utility, Many have received the arithmetic review they needed and are
quite Satisfiedf They might assign a utility of U(W) = 1 or even higher.
Others enroll but interact with the system not at ;11 and should not be
included in an evaluation'of the instructional methodoiogye. Unfortunately,
tﬁey are not easily i1dentified. Other students may assign a withdrawal
grade a utility of -2 or even lessos

Graph 4 shows changes in Pg(s) £or remedial arithmetic,
elementary algebra, and the mathematics division. Graphs 3 and 4 show
Ew(S) and Pg(S) for the period 1961~ 1971 and may be used to compare
the effects on grade measures‘of small classes, large classes, credit

by examination, and tutoringes

4) G Statistic, G, developed by McGuigan (33, 34), is defined

as actual gain __ post test - pre test

possible gain  Maximum - pre test

G

It.is a measure of behavioral changes The G Statistic.

assumeslthe existence of equivaient forms of pre- and post-
tests with equal totallpossible scére for each. McGuigan preseﬁts data .
for 37 programmed and 15 non-progf&mmed courses, indicating the
following percentile equivalents for G:

G Percentile Percentile

Programmed Non-programmed
course Course

50 . 49 3 79

60 : 73 o 80

70 89 99

During Phase &4 of the present study, a random sample of approximately

100 students were pre-tested each semester on the objectives of the

2
<




course. These data may be used to calculate values of G for the

four instructional alternatives of Phase 4. These values are shown in

Table 4 and graph .

5) The fraction of Objectives achieved, %BO, is the most

straightforward measure of effectiveness that can be used.

It is simply the fraction of course objectives achieved
when those objectives are specified in unambiguocus performance
termse. Unfortunately, few courses of instruction are organized around
specified behavioral objectives. In this study, only phase 4 made use

of behavioral objectives.

No attempt has been made to quantify attitude changes for
use as a measurz of effectiveness, although informal inquiry indicates

that student norale is much higher under the individualized instruction

~ method of teaching than under conventional methodse.

Table 3 summarizes the cost-effectivenes indices calculated
according to Miller and Rath(42), for the effectiveness measures listed
above. This index is useful in that it enables us to rank aiternative
methods of instruction used in Phase 4. Not surprisingly; CE indices
are higher for the Phase 4 program than in most earlier phases. The

highest CE ratio occurred for fa11.1969 when no tutors were employead.

wWwithdrawal rates were highest, but costs were lowest. In spring 1970

tutors ﬁere introduced and the CE rafio dacreased. In succeeding semesters
the CE ratio increased as metheds of'using tutors-effectively were
developed.

A great many questions remain unanswered in this analysis.

In particular, the search for an ideal CE index has not been completed.
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An ideal CE ratio should (a) increase as effectiveness increases, (b)

decrease as cost increases, {(c) decrease as withdrawal rates increase,

(d) be sensitive tc a welghting oqu grades with respect to B or C
grades, and (e) remain relatively insensitive to number of students
enrolled. The measures used seem to vary st:qngly with enrollment.
Nétice that from fall 1966 to spring 1969 low spring enrollments

produced low CE ratios while high fall enrollments produced high CE

ratiose.

"YVv.) SUMMARY AND CONCLUSIONS

Cost-effectiveness analysis can be appliéd to classroom
level instruction as a deélsion making aid in the selection among
alternative modes of instiuction. Its use as an analytical tool is
possible only where either cost or effectiveness is' held constant across
ﬁhe alternatives being considered. Analysis is possible where
effectiveness is measured in terms of performance objectives or other
clear-cut unambiguous measures.

Studies with remedial mathematics courses indicate that,

" although costs-are jowest when a credit by examination option, with
use of programmed instruction and no required attendance, is used,
effectiveness is correspondingly low and the cost-effectiveness ratio
is comparable to individualized instruction with programmedAtext and
tﬁtors, Intangible cost factors such as room use, student.time spent,
and insﬁructor preparation time make the second alternative much more
ﬁttgactive.’lf the tutors used are péers, students in the same college,
an effectiveness measﬁre giviﬁg the increase in tutor benefits should

‘be 1hc1uded.

Examination of the CE history of an individualized instruction

I
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new resource more effectively,

This preliminary study suggests the follo&ing possibilities
for future researchs:
1) Net shift analysis(8,12,32);may be used to develop a measure of

effectiveness, Net shift or Interval shift analysis ig 2 pProcedure,

some final goal score distribution, The application of net shift analysis

to costueffectiveness-analysis might.profitably be studied,

2) The objective of any course of instruction is to increase.thempro-
bability of success in the course., The probability of success can be

measured as the course progresses and the Sequence of changes or

scores and.behavioral objectives achieved while the student‘iS"actively

engaged in the course, reflect loﬁg-;érm gains ih performance, Studies

- should Be performed to test this assumption in the case of instructibnal
PTograms employing tutors, It is entirely conceivable that reliance on.

tutors during_the-course may‘result in a decrease in longeterm

‘retention,



4) There is a need to estimate more accurately the utility of certain
intangible costs usually overlooked in educational cost-effectiveness
studies: student time, lessened stress of grades under certain
i{nstructional methods, value of discretionary time, subjectivé effect
of using behavioral objectives, and so on. The utility factors U(I) may
be estimated from student judgements using multiple linear regression

techniquese.

5) There is a need to study fixed-cost alternatives using performance
objectives. This might best be done in Math 7, elementary algebra,

where historical data is available at Santa Barbara City Collegee
"Large class'Versus small class effectiveness should.be studied in an
attempt to determine optimal class size. Modifications of the traditiomal
approach may also be studied: inclusion of study of programmed materials
in place of a portion of ledture, use of tutors in or out of class, use

of individual audio cassettes for explaining difficuit topics, substitute
media for a portion of classtime, and so on, Cost-effectiveness

analysis may be applied %o the evaluation of c09rdinated instructional

systems (4).

6) Experience with peer tutor programs indicates that avgreat deal of
learning and positive attitude change takes placé in the tutor.(36,37)
This is a positive benefit to the tutor and represents a variety of course
effectiveness that has not been studied from‘the»éost—effectiveness

<0
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Fall 70
Spring 70
Fall 695
Spring 69
Fall 68
Spring 68
Fall 67
Spring 67
Fallé66
Spring 66
Fall 65
Spring 65
Fall 64
Spring 64
Fall 63
Spring 63
Fall 62
Spring 62
Fall 61

Spring 61

YN 4
Spring 71 12

TABLE 1

MATH 1 GRADE DISTRIBUTION

)

27)
81(16)
22(10)
15(5)
5(2)
36(7)
3(2?
10(1)
17(8)
25(6)
9(7)
24(9)
10(11)
19¢8)
5(8)>
8(4)
8(13)
4(10)
5(14)
2(8)
2(7):

%z
4

B(%)

150(32)
175(34)
78(34)

97{(32)
13(5)
36(7)
8(4)
51(10)
28(13)
71(17)
25(20)
82(31)
19(21)
72(30)
15(23)
58(28)
16(25)
10(28)
7(20)
s5(17)
4(15)

C(%)

25(5)
20(4)
14(6)
36(12)
45¢17)
ag(19)
44(22)

147(29)

55(26)
83(21)
47(38)
82(30)
37(40)
91(38)
19(29)
90(43)
18(29)
12(31)

7(20)

4(26)

4(15)

w(%)

165(36)
236(46)
114(50)
155(51)
170(64)
283(55)
113(57)
208(41)
104(49)
171(41)
38(31)
72(27)
20(22)
36(15)
18(28)
40(19)
11(17)
10(28)
5(25)
10(35)
12(44)

vy
o)

Total

459
512
228
303
266
514
197
506
212
417
123
265
92
239
65
207
64
37
36
29
27



TABLE 2

Math 7 P(S) and P{(W)

Spring 71 P(S) = .64 P(W) = .36
Fall 70 «62 <38
Spring 70 «67 «33
Fall 69 «25 «75
Spring 69 «46 46
Fall 68 «33 «33
Spring 68 «36 «37
Fall 67 «32 «52
Spring 67 «36 «34
Fall 66 «31 «3€
Spring 66 « 40 o3
Fall 65 «36 « 40
Spring 65 bl « 40
Fall 64 «45 «37
Spring 64 «38 «45
Fall 63 «70 i «20
Spring 63 «29 « 50
Fall 62 T e15 - «51
Spring 62 015 ‘ «35
Fall 61 24 «56
Spring 61 , o4l «36-
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TABLE 4

Effectiveness Measures for Math 1

v

P(S) P(W) PW(S) Pg(s) G % Objectives Achieved

Fall 1970 54 <46 1.74 1.28 .656 68.9

Fall 1969 49 «51 1.40 «89 552 59.1




